Gyrodactylus anguillae and Vibrio vulnificus are pathogens of critical significance in anguilliculture. Both agents were involved in mortalities affecting earthen pond cultured European eel, Anguilla anguilla, in Egypt during the period extended from June to September 2014. Moribund eels showed excessive slimy mucus and haemorrhages on the external body surface. All investigated eels were parasitized with the monogenean, Gyrodactylus anguillae. Majority of specimens 93.3 % were concomitantly found to be infected with V. vulnificus. No other parasitic or bacterial infections were noticed in the investigated fish samples. V. vulnificus was detected in Gyrodactylus anguillae homogenates collected from diseased fish. Bacterial isolates were confirmed by polymerase chain reaction (PCR). G. anguillae were demonstrated in skin and gills histopathological sections. Varieties of circulatory, proliferative as well as degenerative changes were noticed in haemopoietic tissues. It was concluded that G. anguillae presumably enhanced eels vulnerability to V. vulnificus infections through providing portals of entry as well as acting as mechanical vectors.
Introduction
Eel has long been considered a pivotal species for aquaculture industry worldwide. Eels are distributed globally in marine, brackish and freshwaters. Eel farming still relies entirely on wild seed supply since reproduction in captivity has not achieved at a commercial scale (FAO, 2014) .
Recently, European eel has been listed as critically endangered on the IUCN red list of threatened species (Jacoby & Gollock, 2014) . The overfishing of glass eel, along with environmental pollution and other human activities, have all contributed to a significant decline in eel numbers over the last two decades (Nielsen & Prouzet, 2008) . Ultimately, reproduction of eel in culture has become a critical research area particularly with an increased interest to produce glass eels for a self-sustainable farming industry (Davidsen, 2012) .
Eel diseases caused by parasitic and bacterial agents are along the prominent challenging pressures thought to impact eel farming industry all over the world (Jacoby & Gollock, 2014) . A vast array of microorganisms has been focused on as potential contributing factors (Esteve & Alcaide, 2009; Haenen et al., 2010; Dangel et al., 2015) . On the top of the critical pathogens list, Vibrio vulnificus is viewed as the most dangerous bacterial septicemia in eel farming. The disease occurs as epizootics of high mortalities causing massive economic losses particularly in immunocompromised stocks (Amaro et al., 1995; Dalsgaard et al., 1999; Marco-Noales et al., 2001) .
It is widely accepted that a link between fish ectoparasites and bacterial infections coexist (Bandilla et al., 2006) . Diverse opportunistic infections have been found to boost concomitantly or a consequence to numerous parasitic infestations (Busch et al., 2003; Pylkko et al., 2006) . The pathways that can lead to such increased vulnerability might be relevant to; creation of entrance routes stemming from epidermal injuries induced by a parasite (Buchmann & Bresciani, 1997) or via decreased host immunocompetence (Bowers et al., 2000) , in addition to acting as vectors for infectious agents (Cusack & Cone, 1986 ).
The present study aimed to investigate the parasitic as well as concomitant bacterial infections involved in eel mortalities cultured in earthen ponds within a farm located in Shatta Damietta Egypt, during the summer 2014.
Further the study describes the histopathological responses in diseased fish.
Material and Methods

Area of study and fish sampling
During the period extended from June to September 2014, massive mortalities approached 65% attacked European eel, Anguilla anguilla cultured within earthen ponds in a fish farm located in Shataa region at Damietta Egypt.
These eels were caught from the Mediterranean Sea at El-Max region. The farm water salinity was 8% . Mortalities started after two month of culture. Fish were fed on high protein diet 50 %, composed of commercial dry food mixed with freshly minced fish (2: 1).
Thirty A. anguilla specimens were collected randomly to determine the causative agents of disease. The average body weights of fish were 50±15 g. Samples were transferred with a minimum time of delay within ice in isothermal boxes to Hydrobiology Department lab, National
Research centre, Egypt to be investigated.
Necropsy and parasitological examination
Fish were visually inspected for presence of abnormalities and external parasites. Smears from skin mucus and a piece of gills tissue were microscopically examined for parasites.
Furthermore, the body cavity of each eel was cut opened, and the internal organs including gasbladder were thoroughly investigated for macroscopically visible parasites. Fresh smears prepared from intestinal contents and blood were directly examined microscopically according to Haenen et al. (2010) . 
Bacteriological examination
Identification of isolates
Identification of all bacterial isolates from fish and ectoparasites was performed by studying the phenotypic and biochemical characteristics using both conventional and commercial API 20 E systems following the criteria described in Buller used as a molecular weight marker according to Moustafa et al. (2014) .
Histopathological examination
Tissue specimens from gills, liver, spleen and kidneys were collected from infected fish for histopathological studies. Samples were fixed in Davidson's fixative for 48 h then transferred into ethanol, embedded in paraffin and sectioned.
Tissue sections were processed and stained with Hematoxylin & Eosin (H & E) then examined by light microscopy according to Bancroft & Gamble (1996) .
Results
Clinical picture
Investigated eels showed excessive slimy mucus and haemorrhages on the external body surface. Reddens of the mouth and head region were also common. Gills were swollen, pale to grayish with presence of excessive amount of mucus. Injures and erosions are evident.
Additionally, few cases noticed ulcers on the external body surface. The anal opening was inflamed, redden and occasionally protruding.
Internally, congestion and enlargement of liver as well as gas bladder were prominent ( Figure 1 ).
Parasitological examination
All investigated eel samples were In this study, the concomitant infections of G. anguillae Ergens, 1960 and V. vulnificus were found to be the potential causes of eels mortalities in the investigated farm. All examined eel specimens were infested with G. anguillae.
Moreover, majority of samples 93.3 % were concurrently infected with V. vulnificus suggesting a potential role for theses ectoparasitic infestations in enhancing vibriosis in cultured eels.
Phenotypically, retrieved V. vulnificus
isolates from eels as well as G. anguillae homogenates were Gram-negative slightly curved rods in agreement with (Buller, 2004) .
All isolates were sensitive to O/129 vibriostatic agent. Isolates were confirmed by polymerase chain reaction (PCR). Definite 273 bp amplicons were produced in all bacterial strains tested in conformity with (Moustafa et al., 2015) .
Successful transmission of pathogen is a critical step in the pathway of infectious disease outbreaks attacking cultured fish (Elgendy et al., 2015a) . Field results supported the hypothesis that water is the main vehicle for transmission of vibrio epizootics affecting farmed eel (Amaro et al., 1995) . The primary portals of V. vulnificus One major critical role relevant to fish ectoparasites in the pathway of fish infections is that, majority of these parasites could be powerful mechanical vectors, potentially transfer pathogens from infected to healthy fish (Nylund et al. 1993 (Nylund et al. , 1994 Xu et al., 2007) . They feed on host mucus, tissue and blood consequently transmit pathogens from diseased to healthy fish (Gustafson et al., 2005) . The theory has been highlighted in the current study by isolation of Additionally, ectoparasites can change some biochemical characteristics of fish mucus (Estensoro et al., 2013) . The incompetence of mucus antagonistic effects against pathogenic microorganisms as well as ability of vibrios to utilize mucus as a carbon source, favor their settlement on fish surfaces (Bordas et al., 1996) .
Subsequently, attached bacteria develop a biofilm which enhances genes transfer between bacterial strains and convert avirulent strains into extremely potent pathogens (Montgomery & Kirchman, 1994; Benhamed et al., 2014) . and fibrinolysin (Wright & Morris, 1991; Al-Assafi et al., 2014) . The produced exotoxins were found to be lethal for eels and the crude extracts of these extracellular products can induce classical vibriosis in fish when injected intraperitoneally (Biosca & Amaro, 1996) . One more major virulence factor of V. vulnificus is the capsular polysaccharides that protect bacteria from bactericidals and phagocytosis. Additionally, various iron uptake systems, including siderophore production and the ability to use hemin and hemoglobin as iron sources potentiate infections (Amaro et al., 1994; Shin et al., 2005) .
Conclusions
The results extracted from the current study support the link between fish vibriosis and Gyrodactylosis. The results clarified that G.
anguillae presumably enhanced eels vulnerability to V. vulnificus infections through providing portals of entry as well as acting as mechanical vectors.
